Abstract. Application of the substructure methoCI. and d'Alembert's principle to deriving the differential equation of motion of a six-link mechanism with two elastic connecting rods is presented
Introduction
Informative development has made the solution of certain mechanism vibration problems possible. However, it is usual that only natural frequencies or solution in the starting period are found. The determination of periodic solutions for stationary motion in mechanisms with both solid and elastic elements is still under investigation [3] [4] [5] [6] [7] [8] .
In [3] we examined the periodic transverse vibration problem of a connecting rod in a four-link mechanism. The objective in this paper is to extend the method into a mechanism having six links. The substructure method has been applied to deriving the dynamic equations of the mechanism. From which equations of transverse vibration of the connecting rods are obtained for the case of the driving link rotating unifonnly. The dynamic stability conditions and periodic solutions of the mentioned equations are found by using numerical method [1, 2] .
Derivation of dynamic equations
We consider a six-link mechanism (Fig.l) moving on the vertical plane, in which the crank O,A (link 2}, the rocker 0 2 BC (link 4), the rocker 0 3 D (link 6} are solid bodies of weighs P 2 , P4, Pe, and centers of mass Sz, 84, Sa respectively. And 01S2 = Sz, 02S4 = s4, 03Ss = sa,
The connecting rods AB (link 3), CD (link 5) are elastic bodies. Supposing that the connecting rods are rectilinear and their axes without deformation coincides with the elastic one and that longitudinal vibration is negligible. The connecting rods AB, CD have area of the cross sectiori. iD. = 'P4-fJ •.
(2.1)
Given 01 Oz = £1> OzOs = l1, 01A = lz, AB = ls, OzB = t., OzC = "l., CD= is, D0 3 =is. [" () . () •'' · ) As an application of the generalized Ritz's method, the solution of the equations (3.3) with the boundary conditions (2.21) is found in the form:
Substituting (3.7) into equations (3.3) we obtain after some calculation a system of linear differentia.! equations with periodic coefficients of period 21T /0 as follows (3.8) 2 
Numerical Simulation
The following data numerical calculations are given: Jo, = l1500mm
2 ; e, = 270mm; e2 = 55mm; e3 = 259mm; e. After having determined condition of dynamic stability, the program evaluates the values of initial conditions and then determine the solution during a period. Table 1 gives a comparison between the amplitudes of iq;(t) (j = 3, 5; i = 1, ... , 5) at the angular velocity n = 300 rotations per minute. The fact that the phase trajectory is closed proves that the obtained solutions are periodic.
From When evaluating the effect of elasticity upon articulation reactions we find that elasticity has little effect for n < 2000 rot/min., the effect becomes significant for n > 2000 rot/min. and very significant for ·n > 3000 i'otfmin.. This result appears reasonable because the value of relative transverse vibration w;(x;, t) also increases rapidly for n > 3000 rot/min ..
Conclusions
In this paper the substructure method and d' Alembert's principle have been applied to the derivation of differential equations of motion of a six~lin.k mechanism, in which two connecting rods are elastic and the other links are solid. In case of uniform rotation of the driving link the generalized Ritz's method is used to transform the partial differential equations into ordinary differential equations with periodic coefficients.
A program for relative transverse vibration analysis of the connecting rods and for evaluation of reactions at joints has been written. Numerical examples are given, some remark on the obtained solutions as well as the evaluation of the effect of elasticity on joint reaction are made.
The presented method can be applied to any type of six-link mechanisms of the order 2. It is also applicable to any mechanism as a combination of solid and elastic links.
This publication is completed with financial support from the National Basic Research Programme in Natural Sciences.
